1 



6371 



IMAGE RECORDING APPARATUS 

BACKGROUND OF THE INVENTION 

The present invention relates to an image recording 
apparatus, and in particular, to an image recording apparatus 
in which image-setting ink is employed. 

In recent years, a great number of the image recording 
apparatuses using ink- jet recording methods have been used. 
Because the ink- jet recording method can form images very 
conveniently at low cost, compared to a method in which a 
plate-making is required, such as a photogravure printing and 
a flexographic printing. 

Further, in the field where images are recorded on 
commercial products or on their packaging by the ink- jet 
method, materials such as resin and metal, having no ink 
absorbing property, are often used for commercial products 
and their packaging. In order to fix ink drops on a 
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recording medium sheet having no ink absorbing property, 
image-setting ink is used. Namely, well known is an image 
recording apparatus using such image-setting ink, wherein 
after the image-setting ink drops are jetted onto the 
recording medium sheet, light rays such as ultraviolet light 
are radiated so that ink drops are hardened and fixed (see 
Patent Document 1) . 

In the image recording apparatus, a conveyance unit 
(which is a conveyance-print device) is disposed which 
conveys the recording medium sheet, and a plurality of line 
type printing heads which jet the image-setting ink drops, 
are arranged above a conveyance path on which the recording 
medium sheet is fed. Further on the down stream side of the 
printing heads, with respect to the conveyance direction, a 
light radiating device is arranged which radiates light rays 
onto the ink drops jetted from the printing heads, and 
thereby hardens the ink drops. 

In such an image recording apparatus, it is actualized 
that, while the recording medium sheet is conveyed by the 
conveyance unit, the ink drops are jetted from the printing 
heads onto the recording medium sheet, based on predetermined 
image information, and after which, the light rays from the 
light radiating device are radiated onto the ink drops, which 
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have landed on the recording medium sheet, and therefore, the 
ink drops are hardened and fixed on the recording medium 
sheet . 

[Patent Document 1] Tokkai 2002-347232 
However, in the image recording apparatus mentioned 
above, the distance between the light radiating device to 
each printing head differ. Therefore, the time intervals 
from an ink drop landed time to a light radiated time also 
differ for each printing head, resulting in the mixture of 
the landed color ink and the landed black ink before 
hardening. Since a text character is generally recorded in 
black ink, if color or black ink are mixed, specifically when 
the character is recorded on the recording medium sheet, 
edges of the black text character become blurred at the area 
where the black recording overlaps the color recording, 
resulting in deterioration of text character quality, which 
is not preferable. 



SUMMARY OF THE INVENTION 

The objective of the present invention is to provide an 
image recording apparatus which is capable of producing high 
quality of text characters which have been printed in black 
ink. 
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Further, the objective of the present invention is to 
provide an image recording apparatus which is capable of 
improving the sharpness of the color image and sharpening the 
image quality. The objective of the present invention can be 
attained by the structures described below. 

Structure 1. 

An image recording apparatus, including: 

a conveyance-print device wherein printing is performed 
on a recording medium sheet while the recording medium sheet 
is conveyed; and 

a plurality of printing heads, which jet image-setting 
ink onto the recording medium sheet, are arranged in a 
direction perpendicular to the conveyance direction of the 
recording medium sheet; 

wherein at least one of the printing heads among the 
plural printing heads is a black printing head for jetting 
black ink drops, and the other printing heads except for the 
black printing head are color printing heads for jetting 
color ink drops, and 

wherein a plurality of the printing heads are aligned 
in the conveyance direction so that all of the color printing 
heads are arranged downstream of the black printing head with 
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respect to the conveyance direction of the recording medium 
sheet, and 

wherein a first light radiating device, arranged 
downstream of the black printing head, radiates light rays 
onto the black ink drops landed on the recording medium 
sheet, and hardens the black ink drops, and 

wherein a second light radiating device, arranged 
downstream of the color printing head which is located most 
downstream among all the color printing heads, radiates the 
light rays onto the color and black ink drops landed on the 
recording medium sheet, and hardens the color and black ink 
drops . 

According to structure 1, since the first light 
radiating device is arranged downstream of the black printing 
head, before the color ink drops are ejected, the first light 
radiating device radiates light rays onto the black ink drops 
which have been landed on the recording medium sheet, and 
thereby the black ink drops are hardened. Further, since the 
second light radiating device is arranged downstream of the 
color printing head which is most downstream among all of the 
color printing heads, the second light radiating device 
radiates the light rays onto the color ink drops which landed 
on the recording medium sheet after the black ink have been 
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hardened, and then the color ink drops are also hardened. 
Accordingly, the color and black ink drops are hardened 
without being contaminated, resulting in improvement of image 
quality of the text characters printed in black ink. 
Structure 2. 

The image recording apparatus in Structure 1, wherein 
the second light radiating device radiates light energy which 
is greater than the light energy radiated from the first 
light radiating device. 

Generally, a color image is reproduced by plural color 
inks such as Y (yellow), M (magenta), and C (cyan), or R 
(red), G (green), and B (blue). Namely, for the reproduction 
of color images, the amount of the ejected color ink drops is 
relatively greater than the amount of the ejected black ink 
drops, therefore, in order to harden the color ink drops, the 
light energy radiated onto the color ink drops must be 
greater than that radiated onto the black ink. Due to this, 
in Structure 2, the second light radiating device radiates 
light energy which is greater than that radiated from the 
first light radiating device, which assured the desired 
results in the hardening of the color ink. 

Structure 3. 

An image recording apparatus, including: 
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a conveyance device for conveying a recording medium 
sheet; and 

a plurality of printing heads wherein a plurality of 
unit heads, which jet image-setting ink onto the recording 
medium sheet, are arranged in a direction perpendicular to 
the conveyance direction of the recording medium sheet; 

wherein at least one of the printing heads among the 
plural printing heads is a black printing head for jetting 
black ink drops, and the other printing heads except for the 
black printing head are color printing heads for jetting 
color ink drops, 

wherein a plurality of the printing heads are aligned 
in the conveyance direction of the recording medium sheet so 
that all of the color printing heads are arranged upstream of 
the black printing head with respect to the conveyance 
direction of the recording medium sheet, and 

wherein a first light radiating device, arranged 
downstream of the color printing head which is located most 
downstream among all the color printing heads, radiates the 
light rays onto the color ink drops landed on the recording 
medium sheet, and hardens the color ink drops, and 

wherein a second light radiating device, arranged 
downstream of the black printing head, radiates light rays 
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onto the black and color ink drops landed on the recording 
medium sheet, and hardens the black ink and color ink drops. 

According to structure 3, since the first light 
radiating device is arranged downstream of the color printing 
head which is most downstream among all of the color printing 
heads, before the black ink drops are ejected, the first 
light radiating device radiates light rays onto the color ink 
drops which have been landed on the recording medium sheet, 
and thereby the color ink drops are hardened. Further , since 
the second light radiating device is arranged downstream of 
the black printing head, the second light radiating device 
radiates the light rays onto the black ink drops landed on 
the recording medium sheet after the color ink drops have 
been hardened, and then the black ink drops are also 
hardened. Accordingly, the color and black ink drops are 
hardened without being mixed. Specifically, the black ink 
drops are landed after the color ink drops have been 
hardened, resulting in improvement of image quality, and 
thereby, the color images having the sharp image quality are 
produced. 

Structure 4 . 

The image recording apparatus in Structure 3, wherein 
the first light radiating device radiates light energy which 
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is greater than the light energy radiated from the second 
light radiating device. 

Generally, a color image is reproduced by plural color 
inks such as Y (yellow) , M (magenta) , and C (cyan) , or R 
(red), G (green), and B (blue). Namely, for the reproduction 
of color images, the amount of the ejected color ink drops is 
relatively greater than the amount of the ejected black ink 
drops, therefore, in order to harden the color ink drops, the 
light energy radiated onto the color ink drops must be 
greater than that radiated onto the black ink. Due to this, 
in Structure 3, the first light radiating device radiates 
light energy which is greater than that radiated from the 
second light radiating device, which assured the desired 
results in the hardening of the color ink. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a schematic view of an image recording 
apparatus in a first embodiment of the present invention. 

Fig. 2 is a top view of a printing head and a light 
radiating device of the first embodiment of the image 
recording apparatus . 
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Fig. 3 is a bottom view showing the distribution of 
nozzles of unit heads provided in the printing head in the 
first and second embodiments. 

Fig. 4 is a bottom view showing the distribution of 
nozzles of the plural unit heads in the first and second 
embodiments . 

Fig. 5 is a block chart of a main control section of 
the image recording apparatus in the first and second 
embodiments . 

Fig. 6 is a block chart showing the structure of an 
image recording section in the first and second embodiments. 

Fig. 7 is a schematic view of an image recording 
apparatus in the second embodiment. 

Fig. 8 is a top view of a printing head and a light 
radiating device of the image recording apparatus in the 
second embodiment. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT 

Preferred embodiments of the present invention will now 
be explained in detail below, referring to Figs. 1-8. 
[ First embodiment ] 

Fig. 1 is a drawing of a first embodiment of the image 
recording apparatus relating to the present invention. In a 
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lower interior portion of image recording apparatus 1, 
accommodation tray 3 is provided on which plural recording 
media sheets 2 are stacked. Above one of the ends of 
accommodation tray 3, take-up device 5 is provided which 
takes up recording media sheets 2 one by one, on which images 
are to be recorded, from accommodation tray 3. In this case, 
concerning recording media sheets 2, it is possible to employ 
cut sheets selected from various kinds of paper such as plain 
paper, recycled paper, and glossy paper, various kinds of 
cloth, various kinds of bonded textiles, and cut sheet of 
materials such as resin, metal, and glass. 

Above accommodation tray 3, conveyance device 4 is 
provided which conveys recording media sheets 2. In this 
conveyance device 4, endless conveyance belt 41 rotates about 
entrained plural rollers 42 so that conveyance belt 41 makes 
it possible to convey recording media sheets 2 in a flat 
manner, in the horizontal direction. Further in conveyance 
device 4, at the contacting section of conveyance belt 41 and 
recording medium sheet 2, rotating pressure roller 43 presses 
against conveyance belt 41 is provided so that recording 
media sheets 2 can be conveyed in a flat state. 
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On a side section of image recording apparatus, output 
tray 9 is provided which receives ejected recording media 
sheets 2 carrying recorded images. 

In image recording apparatus 1, conveyance path 10 is 
provided, by which recording media sheet 2 supplied from 
accommodation tray 3 is conveyed to conveyance belt 41, and 
after recording media sheet 2 is conveyed through a train of 
conveyance belt 41, recording media sheet 2 is ejected from 
conveyance belt 41 to output tray 9. At predetermined 
positions of conveyance path 10, a plurality of paired 
conveyance rollers 11 are provided- 
Above, and adjacent to conveyance belt 41, a plurality 
of printing heads 13, 14, 15, and 16 are provided across the 
full width of conveyance belt 41 so that ink can be jetted 
onto recording media sheets 2. At least one of printing 
heads 13, 14, 15, and 16, that is, printing head 13 is a 
black printing head which ejects black ink (BK) , and printing 
heads 14, 15 and 16 are color printing heads which eject 
color ink of yellow (Y) , magenta (M) , and cyan (C) 
respectively. In this case, the color ink includes not only 
basic colors of Y, M, and C of the subtractive mixture, but 
also dark and light colors which record the dark and light of 



13 



6371 



the basic colors of Y, M, and C, that is, includes ink for 
all colors except for the black ink for black coloring. 

Further, printing heads 13, 14, 15, and 16 are arranged 
along conveyance direction X so that all color printing heads 
are arranged downstream of the black printing head. 
Specifically, printing heads 13, 14, 15, and 16 are arranged 
in conveyance direction X in the order of black, cyan, 
magenta, and yellow, so that each ink can be ejected onto 
recording media sheets 2. Concerning printing heads 13, 14, 

15, and 16, a line method is preferably employed so that the 
ejecting surfaces are arranged to face the peripheral surface 
of conveyance belt 41. 

Fig. 2 is a plan view of printing heads 13, 14, 15 and 

16. For each of printing head 13, 14, 15 and 16, plural unit 
heads U for jetting ink drops, are staggered perpendicular to 
conveyance direction X. Figs. 3 and 4 are explanatory 
drawings showing the arrangement of nozzles h provided in 
unit head U. As shown in Figs. 3 and 4, on the ejecting 
surface of unit head U facing recording media sheets 2, 
nozzles h are aligned in four lines A - D. Based on the 
conveyance of recording media sheets 2, from each nozzle row 
A - Dof unit head U, the ink drops are ejected in the order 
of row al, row a2 and row a3 for row A, row bl, row b2, and 
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row b3 for row B, row cl, row c2, row c3 and c4 for row C, 
and row dl, row d2, row d3 and row d4 for row D. In each of 
rows A - D, nozzles h are arranged in such a way that they 
are composed of nozzle groups comprising three nozzles, each 
group being arranged at specified intervals in the direction 
perpendicular to conveyance direction X, and in each group, 
the three nozzles are deviated in the conveyance direction X 
at a specified pitch and also in the direction perpendicular 
to X at the above-mentioned interval. Further, the starting 
points of the rows A to D are deviated by one pixel in the 
direction perpendicular to conveyance direction X in the 
order of A, C, B, D. By ejecting ink drops from each nozzle 
h arranged in the above-mentioned way, images can be recorded 
onto recording media sheets 2. 

For example, in the case that letter "H" is to be 
recorded, as regards the lines forming the letter "H", as 
shown in Fig. 3, the ink drops are jetted from each nozzle h. 
That is, for line tl, ink drops are jetted from 1 st nozzle h 
of row A. For line t2, ink drops are jetted from 1 st nozzle h 
of row C. For line t3, ink drops are jetted from 1 st nozzle h 
of row B. For line t4, ink drops are jetted from 1 st nozzle h 
of row D. For line t5, ink drops are jetted from 2 nd nozzle h 
of row A. For line t6, ink drops are jetted from 2 nd nozzle h 
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of row C. And for line tl , ink drops are jetted from 2 
nozzle h of row B. 

Still further, in the case that letter "H" is to be 
recorded by plural unit heads U, regarding the lines forming 
the letter "H", as shown in Fig. 4, the ink drops are jetted 
from each nozzle h of unit head U as shown in Fig. 4. That 
is, for line tl, the ink drops are jetted from 1 st nozzle h 
counted from the top of row B of unit head U, shown in a 
lower drawing in Fig. 4. For line t2, the ink drops ar.e 
jetted from 1 st nozzle h counted from the top of row D of 
unit head U, shown in the lower drawing in Fig. 4. For line 
t3, ink is ejected from 1 st ejecting mouth h counted from the 
bottom of row A of unit head U, shown in an upper drawing in 
Fig. 4. For line t4, the ink drops are jetted from 1 st nozzle 
h counted from the bottom of row C of unit head U, shown in 
the upper drawing in Fig. 4. For line t5, the ink drops are 
jetted from 1 st nozzle h counted from the bottom of row B of 
unit head U, shown in the upper drawing in Fig. 4. For line 
t6, the ink drops are ejected from 1 st nozzle h counted from 
the bottom of row D of unit head U, shown in the upper 
drawing in Fig. 4. And for line t7, the ink drops are jetted 
from 2 nd nozzle h counted from the bottom of row A of unit 
head U, shown in the upper drawing in Fig. 4. 
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As shown in Fig. 1, in the upper neighborhood of 
conveyance belt 41 and downstream of printing head 13, with 
respect to conveyance direction X, first light radiating 
device 17 is provided for radiating light onto the black ink 
drops landed onto recording medium sheet 2, which hardens the 
surface of the black ink drops. 

Still further, in the upper neighborhood of conveyance 
belt 41 and downstream of printing head 13, with respect to 
conveyance direction X, second light radiating devices 18 is 
provided for radiating light onto yellow, magenta, cyan and 
black ink drops, landed on recording medium sheet 2, which 
hardens the surface of these ink drops. 

In addition, between the specific ink. jetting heads for 
each color ink and the light radiating devices for each 
color, the following relationship exists. That is, the 
distances between unit module U of the ink jetting head and 
unit module L of the light radiating device, which 
corresponds to unit module U of the ink jetting head, are 
equal for the same color ink. Therefore, the time interval 
between the ink jetting and the light radiation is set to be 
equal for each color. Since the distance between the ink 
jetting module and the light radiating module of each color 
is equal, there is no difference in the starting times of ink 
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hardening, and thereby deterioration of the image quality is 
prevented. 

On first light radiating device 17 and second light 
radiating device 18 shown in Fig. 2, a plurality of light 
source for radiating the light are staggered perpendicular to 
conveyance direction X, and correspond to each of plural unit 
heads U. Though there is no limitation about light source L, 
it is preferable to arrange LED (a light emitting diode) 
arrays to emit the ultraviolet rays, across the full width of 
conveyance belt 41. 

The amount of the radiated light from first light 
radiating device 17 is determined in such a way that the 
light amount can assuredly harden the surface of the dots of 
ink by preserving the predetermined diameter of dots of 
ejected black ink, jetted from printing head 13 and landed on 
recording media sheets 2. On the other hand, the amount of 
radiated light from second light radiating device 18 is 
determined in such a way that the light amount can absolutely 
harden the black ink and the color ink, landed on recording 
media sheets 2. 

When a color image is reproduced, the amount of jetted 
color ink is greater than that of jetted black ink. 
Therefore, in order to harden the jetted color ink, the 
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radiating light energy for hardening the jetted color ink 
must be greater than that for hardening the jetted black ink. 
Accordingly, it is actualized that second light radiating 
device 18 radiates more light energy than that radiated from 
first light radiating device 17. In this case, concerning 
the setting of the light energy radiated from first light 
radiating device 17 and second light radiating device 18 both 
of which can change their light energy, the light energy 
radiated from first light radiating device 17 and second 
light radiating device 18 are controlled by a control device 
so that the above-mentioned relationship is obtained. For 
example, when light source L is a LED, the light energy is 
controlled by controlling the electrical current, while when 
light source L is a fluorescent tube, the light energy is 
controlled by controlling the electrical voltage. On the 
other hand, concerning the light radiating device wherein the 
light energy is not changed, that is, concerning the light 
radiating device which can radiate only unchangeable light 
energy, a plurality of the light radiating devices which 
radiate different amounts of light energy are arranged so 
that the above-mentioned relationship is obtained. It is 
also possible to control the radiating area by a slit, in 
order to change the light energy. 
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Besides, the inks to be used in this embodiment are 
inks that are hardened by the radiation of light, in 
particular, inks of an ultraviolet-setting type that are 
hardened by the radiation of ultraviolet rays. Inks of an 
ultraviolet-setting type are generally classified into inks 
of a radical polymerization type containing a compound 
capable of radical polymerization as a polymerizable 
compound, and inks of a cation polymerization type containing 
a compound capable of cation polymerization; both of these 
types of ink can be employed for the ink to be used in this 
embodiment, and it is also appropriate to employ an ink of a 
hybrid type composed of an ink of a radical polymerization 
type and an ink of a cation polymerization type combined for 
the ink to be used in this embodiment. 

Fig. 5 is a drawing showing a control device for 
controlling image recording apparatus 1 in this embodiment of 
the invention; this control device is composed of, for 
example, a CPU, a ROM, and a RAM (none of which are shown in 
the drawing) , and comprises a controller 30 for developing 
any one of the processing programs stored in the ROM and 
carrying out this processing program by the CPU. 

In controller 30, provided are an image data input and 
output I/F 31 for receiving image information transmitted to 
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the image recording apparatus, and compression/expansion 
section 32 for compressing transferred image data by page 
units, to store them therein, and further expanding the 
compressed image data, to store them therein. For the 
compression/expansion means in this case, JPEG, JPEG2000, 
JBIG, etc., known to the public can be used. In controller 
30, provided are operation section 33 for a user to carry out 
the inputting of the desired number of output sheets, the 
number of output sheets sets, etc., by operation, image 
processing section 34 to transform image data obtained into 
data adapted to the image output format, and image recording 
signal output I/F 35 to output the image data transformed in 
image processing section 34 to image recording section 51 of 
image recording unit 50. Further, in controller 30, provided 
is an external I/F and print controller 36 for taking in an 
image obtained by means of an image pickup apparatus such as 
a digital camera or image data read by another reading 
apparatus, and then carrying out image recording based on 
instructions from an external apparatus. Further, in 
controller 30, provided is entire control section (M-CPU) 37 
for controlling the operation of image processing section 34, 
image recording signal output I/F 35 and external I/F and 
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print controller 36 in accordance with operation section 33 
and the above-mentioned image information. 

In image recording unit 50, provided are image 
recording section 51 to carry out image recording in 
accordance with signals from image recording signal output 
I/F 35, conveyance mechanism 52 to operate conveyance rollers 
11 and tension rollers 42, light source control section 53 to 
control the output of light radiation devices 17, 18, 19, and 
20 in accordance with a control signal from image recording 
section 51, and image recording control section (S-CPU) 54 to 
control the operation of the above-mentioned structural 
constituents . 

Fig* 6 is a block diagram showing the detailed 
structure of image recording section 51. In this image 
recording section 51, provided are color signal storage 57 
composed of a plurality of buffer storage devices provided 
for each color in order to store color signals transmitted 
from image recording signal output I/F 35 and a buffer 
storage control circuit to control the output from the buffer 
storage devices, and printing head driving circuit 58 to 
control the driving of the ink jetting operation of printing 
heads 13, 14, 15, and 16 on the basis of color signals 
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outputted in accordance with the control by the above- 
mentioned buffer storage control circuit. 

Next, the operation of the image recording apparatus of 
the first embodiment will be explained. 

Firstly, the operation of normal image formation will 
be explained. When image forming instruction is inputted 
from operation section 33 and image information is 
transmitted to image recording apparatus 1, as shown in Fig. 
5, the transmission of image information is made to the 
entire control section 37 of controller 30, and also to image 
processing section 34 through image data input and output I/F 
31. Besides, image information is transmitted from an 
external apparatus or the like to entire control section 37 
through external I/F and print controller 36. 

Entire control section 37 starts the operation of the 
structural constituents of the controller 30 when image 
information has been transmitted to it. In addition, as 
regards the timing of starting of the operation, it is not 
limited to the time of input of image information, but it is 
also appropriate to start the operation when an input by the 
user is made from operation section 33 or when an input from 
an external apparatus is made through external I/F and print 
controller 36. 
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In image processing section 34, image processing is 
applied to image data to make the image information adaptable 
to the image output format, that is, to make image 
information optimum for an image recording apparatus using 
image-setting inks to record an image. Image data composed 
of color signals that have been subjected to the image 
processing are transmitted from image recording signal output 
I/F 35 to image recording section 51 of the image recording 
unit 50. 

In addition, it is also possible to transmit image 
information prior to image processing from the image data 
input and output I/F 31 to compression/expansion section 32, 
to store the information therein. Besides, 

compression/expansion section 32 operates not only at the 
time image data have been transmitted from image processing 
section 34 but also at the time an operational input for the 
start of operation, or the like, has been made from an 
external apparatus through external I/F and print controller 
36. 

On the other hand, when image information is 
transmitted to image recording apparatus 1, image recording 
control section 54 of image recording unit 50 brings 
conveyance mechanism 52 and light source control section 53 
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into operation on the basis of the color signals stored in 
color signal storage 57 of image recording section 51. 
Accompanied by this operation, printing head driving circuit 
58 brings printing heads 13, 14, 15, and 16 into operation. 
To state it concretely, conveyance mechanism 52 brings 
takeout device 5 into operation, to take out uppermost 
recording medium sheet 2 accommodated in accommodation tray 
3, and brings conveyance rollers 11 into rotational operation 
to make them convey this recording medium sheet 2 having been 
taken out. 

Further, when the leading edge of recording medium 
sheet 2 has reached conveyance belt 41, pressing roller 43 
presses the leading edge portion of recording medium sheet 2 
onto the circumferential surface of conveyance belt 41 to 
make it hold the sheet. Because conveyance belt 41 is made 
to revolve by tension rollers 42, recording medium sheet 2 is 
conveyed with the revolution. When recording medium sheet 2 
is conveyed to the position of printing head 13, black ink 
drops are jetted from printing head 13, and immediately after 
that, the black ink drops are radiated by the light from 
first light radiation device 17, to be subjected to 
hardening. Subsequently, cyan ink drops are jetted from 
printing head 14, and the cyan ink drops are subjected to 
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hardening by the radiation of light from second light 
radiation device 18. In the same way, printing head 15 is 
brought into operation to jet magenta ink drops onto 
recording medium sheet 2, and the ink drops are subjected to 
hardening by second light radiation device 18. After that, 
printing head 16 is brought into operation to jet yellow ink 
drops onto recording medium sheet 2, and all the ink drops 
which have been landed on recording medium sheet 2 are 
completely hardened. 

After complete hardening, when the leading edge portion 
of recording medium sheet 2 is detached from the 
circumf erential surface of conveyance belt 41, recording 
medium sheet 2 is conveyed by conveyance rollers 11, to be 
ejected onto output tray 9. 

As explained up to now, by image recording apparatus 1 
of the first embodiment of the invention, because first light 
radiation devices 17 is disposed downstream of black printing 
head (which is printing head 13) with respect to conveyance 
direction X, the black ink drops landed on recording media 
sheets 2 are radiated by first light radiating device 17 to 
be hardened before the color ink drops are jetted. 

Further, because second light radiation devices 18 is 
disposed at the most downstream side of color printing head 
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(which is printing head 16) among all of color printing heads 
which are printing heads 14, 15 and 16) with respect to 
conveyance direction X, the color ink drops, landed on 
recording medium sheet after the black ink drops have been 
hardened, are radiated by second light radiating device 18 to 
also be hardened. Therefore, color ink and black ink are 
not mixed but hardened individually, resulting in a higher 
text quality printed in black ink. 

Still further, since second light radiating device 18 
radiates light energy which is greater than that radiated 
from first light radiating device 17, it is possible to 
thoroughly harden the colored ink. The present invention is 
not limited to the above embodiments, but can be changed as 
appropriate . 

[Second embodiment ] 

Fig. 7 is a drawing of a second embodiment of the image 
recording apparatus la relating to the present invention. In 
a lower interior portion of image recording apparatus 1, 
accommodation tray 3 is provided on which plural recording 
media sheets 2 are stacked. Above one of the ends of 
accommodation tray 3, take-up device 5 is provided which 
takes up recording media sheets 2 one by one, on which images 
are to be recorded, from accommodation tray 3. In this case, 
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concerning recording media sheets 2, it is possible to employ 
cut sheets selected from various kinds of paper such as plain 
paper, recycled paper, and glossy paper, various kinds of 
cloth, various kinds of bonded textiles, and cut sheet of 
materials such as resin, metal, and glass. 

Above accommodation tray 3, conveyance device 4 is 
provided which conveys recording media sheets 2. In this 
conveyance device 4, endless conveyance belt 41 rotates about 
entrained plural rollers 42 so that conveyance belt 41 makes 
it possible to convey recording media sheets 2 in a flat 
manner, in the horizontal direction. Further in conveyance 
device 4, at the contacting section of conveyance belt 41 and 
recording medium sheet 2, rotating pressure roller 43 presses 
against conveyance belt 41 is provided so that recording 
media sheets 2 can be conveyed in a flat state. 

On a side section of image recording apparatus la, 
output tray 9 is provided which receives ejected recording 
media sheets 2 carrying recorded images. 

In image recording apparatus la, conveyance path 10 is 
provided, by which recording media sheet 2 supplied from 
accommodation tray 3 is conveyed to conveyance belt 41, and 
after recording media sheet 2 is conveyed through a train of 
conveyance belt 41, recording media sheet 2 is ejected from 
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conveyance belt 41 to output tray 9, At predetermined 
positions of conveyance path 10, a plurality of paired 
conveyance rollers 11 are provided. 

Above, and adjacent to conveyance belt 41, a plurality 
of printing heads 14, 15, 16 and 13 are provided across the 
full width of conveyance belt 41 so that ink can be jetted 
onto recording media sheets 2. At least one of printing 
heads 14, 15, 16 and 13, that is, printing head 13 is a black 
printing head which ejects black ink (BK) , and printing heads 
14, 15 and 16 are color printing heads which eject color ink 
of yellow (Y) , magenta (M) , and cyan (C) respectively. In 
this case, the color ink includes not only basic colors of Y, 
M, and C, of the subtractive mixture, but also dark and light 
colors which record the dark and light of the basic colors of 
Y, M, and C, that is, includes ink for all colors except for 
the black ink for black coloring. 

Further, printing heads 14, 15, 16 and 13 are arranged 
along conveyance direction X so that all color printing heads 
are arranged upstream of the black printing head. 
Specifically, printing heads 14, 15, 16 and 13 are arranged 
in conveyance direction X in the order of cyan, magenta, 
yellow and black so that each ink can be ejected onto 
recording media sheets 2. Concerning printing heads 14, 15, 
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16 and 13, a line method is preferably employed so that the 
ejecting surfaces are arranged to face the peripheral surface 
of conveyance belt 41. 

Fig. 8 is a plan view of printing heads 14, 15, 16 and 
13. For each of printing head 13, 14, 15 and 16, plural unit 
heads U for jetting ink drops, are staggered perpendicular to 
conveyance direction X. Figs. 3 and 4 are explanatory 
drawings showing the arrangement of nozzles h provided in 
unit head U. As shown in Figs. 3 and 4, on the ejecting 
surface of unit head U facing recording media sheets 2, 
nozzles h are aligned in four lines A - D. Based on the 
conveyance of recording media sheets 2, from each nozzle row 
A - D of unit head U, the ink drops are ejected in the order 
of row al, row a2 and row a3 for row A, row bl, row b2, and 
row b3 for row B, row cl, row c2, row c3 and c4 for row C, 
and row dl, row d2, row d3 and row d4 for row D. In each of 
rows A - D, nozzles h are arranged in such a way that they 
are composed of nozzle groups comprising three nozzles, each 
group being arranged at specified intervals in the direction 
perpendicular to conveyance direction X, and in each group, 
the three nozzles are deviated in the conveyance direction X 
at a specified pitch and also in the direction perpendicular 
to X at the above-mentioned interval. Further, the starting 
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points of the rows A to D are deviated by one pixel in the 
direction perpendicular to conveyance direction X in the 
order of A, C, B, D. By ejecting ink drops from each nozzle 
h arranged in the above-mentioned way, images can be recorded 
onto recording media sheets 2. That is, from each nozzle row 
of unit heads U for A - D, the ink drops are jetted in the 
order of row al, row a2 and row a3 for A, row bl, row b2 and 
row b3 for B, row cl, row c2 and row c3 for C, and row dl, 
row d2 and row d3 for D. 

For example, in the case that letter X> H" is to be 
recorded, as regards the lines forming the letter "H", as 
shown in Fig. 3, the ink drops are jetted from each nozzle h. 
That is, for line tl, ink drops are jetted from 1 st nozzle h 
of row A. For line t2, ink drops are jetted from 1 st nozzle h 
of row C. For line t3, ink drops are jetted from 1 st nozzle h 
of row B. For line t4, ink drops are jetted from 1 st nozzle h 
of row D. For line t5, ink drops are jetted from 2 nd nozzle h 
of row A. For line t6, ink drops are jetted from 2 nd nozzle h 
of row C. And for line t7, ink drops are jetted from 2 nd 
nozzle h of row B. 

Still further, in the case that letter "H" is to be 
recorded by plural unit heads U, regarding the lines forming 
the letter "H", as shown in Fig. 4, the ink drops are jetted 
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from each nozzle h of unit head U as shown in Fig. 4. That 
is, for line tl, the ink drops are jetted from 1 st nozzle h 
counted from the top of row B of unit head U, shown in a 
lower drawing in Fig. 4. For line t2, the ink drops are 
jetted from 1 st nozzle h counted from the top of row D of 
unit head U, shown in the lower drawing in Fig. 4. For line 
t3, ink is ejected from 1 st ejecting mouth h counted from the 
bottom of row A of unit head U, shown in an upper drawing in 
Fig. 4. For line t4, the ink drops are jetted from 1 st nozzle 
h counted from the bottom of row C of unit head U, shown in 
the upper drawing in Fig. 4. For line t5, the ink drops are 
jetted from 1 st nozzle h counted from the bottom of row B of 
unit head U, shown in the upper drawing in Fig. 4. For line 
t6, the ink drops are ejected from 1 st nozzle h counted from 
the bottom of row D of unit head U, shown in the upper 
drawing in Fig. 4. And for line t7, the ink drops are jetted 
from 2 nd nozzle h counted from the bottom of row A of unit 
head U, shown in the upper drawing in Fig. 4. 

As shown in Fig. 7 , in the upper neighborhood of 
conveyance belt 41 and downstream of printing head 16, with 
respect to conveyance direction X, second light radiating 
device 18 is provided for radiating light onto the color ink 
drops of yellow, magenta and cyan, landed onto recording 
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medium sheet 2, which hardens the surface of the color ink 
drops . 

Still further, in the upper neighborhood of conveyance 
belt 41 and downstream of printing head 13, with respect to 
conveyance direction X, first light radiating devices 17 is 
provided for radiating light onto black ink drops and color 
ink drops, landed onto recording medium sheet 2, which 
hardens the surface of the black and color ink drops . 

In addition, between the specific ink jetting heads for 
each color ink and the light radiating devices for each 
color, the following relationship exists. That is, the 
distances between unit module U of the ink jetting head and 
unit module L of the light radiating device, which 
corresponds to unit module U of the ink jetting head, are 
equal for the same color ink. Therefore, the time interval 
between the ink jetting and the light radiation is set to be 
equal for each color. Since the distance between the ink 
jetting module and the light radiating module of each color 
is equal, there is no difference in the starting times of ink 
hardening, and thereby deterioration of the image quality is 
prevented. 

On first light radiating device 17 and second light 
radiating device 18 shown in Fig. 8, a plurality of light 
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source for radiating the light are staggered perpendicular to 
conveyance direction X, and correspond to each of plural unit 
heads U. Though there is no limitation about light source L, 
it is preferable to arrange LED (a light emitting diode) 
array to emit the ultraviolet rays, across the full width of 
conveyance belt 41. 

The amount of the radiated light from second light 
radiating device 18 is determined in such a way that the 
light amount can assuredly harden the surface of the dots of 
ink by preserving the predetermined diameter of dots of 
ejected color ink, jetted from printing heads 14,15 and 16, 
and landed on recording media sheets 2. On the other hand, 
the amount of radiated light from first light radiating 
device 17 is determined in such a way that the light amount 
can absolutely harden the black ink and the color ink, landed 
on recording media sheets 2. 

When a color image is reproduced, the amount of jetted 
color ink is greater than that of jetted black ink. 
Therefore, in order to harden the jetted color ink, the 
radiating light energy for hardening the jetted color ink 
must be greater than that for hardening the jetted black ink. 
Accordingly, it is actualized that second light radiating 
device 18 radiates more light energy than that radiated from 
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first light radiating device 17. In this case, concerning 
the setting of the light energy radiated from first light 
radiating device 17 and second light radiating device 18 both 
of which can change their light energy, the light energy 
radiated from first light radiating device 17 and second 
light radiating device 18 are controlled by a control device 
so that the above-mentioned relationship is obtained. For 
example, when light source L is a LED, the light energy is 
controlled by controlling the electrical current, while when 
light source L is a fluorescent tube, the light energy is 
controlled by controlling the electrical voltage. On the 
other hand, concerning the light radiating device wherein the 
light energy is not changed, that is, concerning the light 
radiating device which can radiate only unchangeable light 
energy, a plurality of the light radiating devices which 
radiate different amounts of light energy are arranged so 
that the above-mentioned relationship is obtained. It is 
also possible to control the radiating area by a slit, in 
order to change the light energy. 

Next, the operation of the image recording apparatus la 
of the second embodiment will be explained. 

Firstly, the operation of normal image formation will 
be explained. When image forming instruction is inputted 



35 



6371 



from operation section 33 and image information is 
transmitted to image recording apparatus la, as shown in Fig. 
5, the transmission of image information is made to the 
entire control section 37 of controller 30, and also to image 
processing section 34 through image data input and output I/F 
31. Besides, image information is transmitted from an 
external apparatus or the like to entire control section 37 
through external I/F and print controller 36. 

Entire control section 37 starts the operation of the 
structural constituents of the controller 30 when image 
information has been transmitted to it. In addition, as 
regards the timing of starting of the operation, it is not 
limited to the time of input of image information, but it is 
also appropriate to start the operation when an input by the 
user is made from operation section 33 or when an input from 
an external apparatus is made through external I/F and print 
controller 36 . 

In image processing section 34, image processing is 
applied to image data to make the image information adaptable 
to the image output format, that is, to make image 
information optimum for an image recording apparatus using 
image-setting inks to record an image. Image data composed 
of color signals that have been subjected to the image 
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processing are transmitted from image recording signal output 
I/F 35 to image recording section 51 of the image recording 
unit 50. 

In addition, it is also possible to transmit image 
information prior to image processing from the image data 
input and output I/F 31 to compression/expansion section 32, 
to store the information therein. Besides, 
compression/expansion section 32 operates not only at the 
time image data have been transmitted from image processing 
section 34 but also at the time an operational input for the 
start of operation, or the like, has been made from an 
external apparatus through external I/F and print controller 
36. 

On the other hand, when image information is 
transmitted to image recording apparatus la, image recording 
control section 54 of image recording unit 50 brings 
conveyance mechanism 52 and light source control section 53 
into operation on the basis of the color signals stored in 
color signal storage 57 of image recording section 51. 
Accompanied by this operation, printing head driving circuit 
58 brings printing heads 14, 15, 16 and 13 into operation. 
To state it concretely, conveyance mechanism 52 brings 
takeout device 5 into operation, to take out uppermost 
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recording medium sheet 2 accommodated in accommodation tray 
3, and brings conveyance rollers 11 into rotational operation 
to make them convey this recording medium sheet 2 having been 
taken out . 

Further, when the leading edge of recording medium 
sheet 2 has reached conveyance belt 41, pressing roller 43 
presses the leading edge portion of recording medium sheet 2 
onto the circumferential surface of conveyance belt 41 to 
make it hold the sheet. Because conveyance belt 41 is made 
to revolve by tension rollers 42, recording medium sheet 2 is 
conveyed with the revolution. When recording medium sheet 2 
is conveyed to the position of printing head 14, cyan ink 
drops are jetted onto recording medium sheet 2 from printing 
head 14. Subsequently, magenta ink drops are jetted from 
printing head 15 onto recording medium sheet 2, and next, 
yellow ink drops are also jetted from printing head 16 onto 
recording medium sheet 2. After that, all color ink drops 
jetted onto the recording medium sheet 2 are hardened by 
second light radiation device 18. 

In the same way, printing head 13 is brought into 
operation to jet black ink drops onto recording medium sheet 
2, and after that, all the ink drops which have been landed 
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on recording medium sheet 2 are completely hardened by first 
light radiating device 17. 

After complete hardening, when the leading edge portion 
of recording medium sheet 2 is detached from the 
circumferential surface of conveyance belt 41, recording 
medium sheet 2 is conveyed by conveyance rollers 11, to be 
ejected onto output tray 9. 

As explained up to now, by image recording apparatus la 
of the second embodiment of the present invention, because 
second light radiation devices 18 is disposed downstream of 
color printing head 16 which is most downstream among all of 
the color printing heads (which are printing heads 14, 15 and 
16) with respect to conveyance direction X, the color ink 
drops landed on recording medium sheet 2, are radiated by 
second light radiating device 18 to be hardened, before the 
black ink drops are jetted. Further, since first light 
radiating device 17 is disposed downstream of black printing 
head 13 with respect to conveyance direction X, the black ink 
drops landed on recording media sheets 2, are radiated by 
first light radiating device 17 to be hardened. 

Therefore, color ink and black ink are not mixed but 
hardened individually. Especially the black ink drops are 
landed on recording medium sheet 2, after the color ink drops 
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are hardened, and therefore, it is possible to improve the 
sharpness of the image, resulting in a sharp color image 
having sharp image quality. 

Still further, in the second embodiment, since second 
light radiating device 18 radiates light energy which is 
greater than that radiated from first light radiating device 
17, it is possible to thoroughly harden the colored ink. The 
present invention is not limited to the above embodiments, 
but can be changed as appropriate. 

As to the effect of the present invention, in Structure 
1, since the first light radiating device is arranged 
downstream of the black printing head, before the color ink 
drops are jetted, the first light radiating device radiates 
the light rays onto the black ink drops which have been 
landed on the recording medium sheet, and thereby the black 
ink drops are hardened without mixed with the color ink 
drops. Accordingly, the color ink drops and the black ink 
drops are separately hardened without being mixed, resulting 
in improvement of the image quality of the letters printed in 
black ink. 

In Structure 2, since the second light radiating device 
radiates light energy which is greater than that radiated 
from the first light radiating device, hardening is assured. 
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In Structure 3, the color ink drops landed onto the 
recording medium sheet, is radiated by the second light 
radiating device and hardened, before the black ink drops are 
jetted. Further, the black ink drops, landed onto the 
recording medium sheet after the color ink drops are 
hardened, are radiated by the second light radiating device 
to be hardened. Accordingly, the color ink drops and the 
black ink drops can be separately hardened without being 
mixed. Especially, the black ink drops are landed onto the 
recording medium sheet after the color ink drops are 
hardened, and thereby, it is possible to improve the 
sharpness of the image, resulting in the color image having 
the sharp image quality. 

In Structure 4, since the second light radiating device 
radiates light energy which is greater than that radiated 
from the first light radiating device, hardening is assured. 



